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BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The invention relates to a device and method for springing a vehicle seat, in particular 
a utility vehicle seat having at least one air spring arranged between a seat part and a lower 
part for the height adjustment of a seat part and having a control device for controlling the 
supply and discharge of at least one additional air volume to or from the air spring, according 
to the preambles of Patent Claims 1 and 1 1. 

Spring devices for vehicle seats are known in particular for attenuating a height excur- 
sion of the vehicle seat when travelling over uneven road surfaces, such as potholes. 
EP 1 188 608 Al discloses an active suspension system for sprung vehicle seats, in which a 
pneumatic offload device and a hydraulic actuating member are arranged between a seat part 
and a lower part that is connected to the vehicle, along with a mechanical flexible connection 
device. Both the pneumatic offload device and the hydraulic actuating member are controlled 
by a control device as a function of a seat error signal, which is generated for example by a 
jerky height adjustment of the seat part. 

Such hydraulic actuating members require a connection to the on-board power supply 
of the vehicle, in particular of a utility vehicle. Such a connection results in the function of the 
active suspension of the vehicle seat being dependent on the function of the on-board power 
supply and in particular the parameters thereof, so that it is necessary to match the parameters 
of the suspension system to the parameters of the on-board power supply and thus to adapt the 
system to the respective utility vehicle. 
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Moreover, air springs are known which have a force-path air spring characteristic that 
runs linearly, the incline of which can be changed as a function of the design of the air spring 
and of an applied additional air volume, but which have the same incline over the entire force- 
path air spring characteristic. In such air springs, use is generally made of additional air vol- 
5 umes that are kept constant, which as actual air volume of the air spring are associated with 
the air spring moving in and out. 

Such additional air volumes which are kept constant result in a swinging back of the 
seat part into a central position of the force-path air spring characteristic not being possible 
10 when the air spring is set with a force-path air spring characteristic having a small incline, 
since friction forces within the spring device as a whole are greater than a return force within 
the force-path air spring characteristic. 

On the other hand, when the spring device is designed such that the return force is 
15 greater - that is to say a greater incline in the air spring characteristic is set - a comparatively 
hard damping is achieved both in the middle travel region and in the end of travel regions of 
the air spring. 

Moreover, when using an air spring in an air spring characteristic range with a small 
20 incline - the so-called comfort range - which requires that a large additional volume be 
switched on, reaching of the end stops in the end of travel regions of the air spring in the event 
of large in and out movements becomes probable on account of a high degree of unevenness, 
as a result of which there is a reduced seating comfort for the user of the vehicle seat. The 
setting of a comfort range is generally desired in the case of air springs for vehicle seats on 
25 account of better transmission values and the higher degree of comfort resulting therefrom. 

SUMMARY OF THE INVENTION 
Accordingly, it is an object of the present invention to provide a spring device for a 
vehicle seat, which spring device can operate and also be installed and removed independently 
30 of a hydraulic or pneumatic on-board power supply and provides a high degree of travelling 
comfort for a user when using the vehicle seat in a comfort range which is reproduced by a 
force-path air spring characteristic having a very small incline. Furthermore, it is an object of 
the invention to provide a method of springing a vehicle seat using such a spring device. 
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This object is achieved in respect of the device by the features of Patent Claim 1 and in 
respect of the method by the features of Patent Claim 11. 

5 An essential point of the invention is that in a spring device for a vehicle seat having at 

least one air spring arranged between a seat part and a lower part for the height adjustment of 
the seat part and having a control device for controlling the supply and discharge of at least 
one additional air volume to or from the air spring, the additional air volume that can be sup- 
plied or discharged can be changed or switched off by means of the control device at a select- 

10 able run in and/or run out position of the air spring such that an incline in the profile of a 
force-path air spring characteristic of the air spring in a first and in at least one further range 
are different from one another. By way of example, an increase in the incline of the force-path 
air spring characteristic for the further ranges has the effect, in end of travel regions of the air 
spring, that when using an air spring characteristic with a small incline in the first range, 

15 firstly, upon reaching the predefinable in or out position of the air spring, a return force is ob- 
tained that is sufficient to bring about a return of the seat part into the central position of the 
flat air spring characteristic within the first range. Secondly, the end stops of the air spring 
may not be reached since there is a sufficient spring force on account of the steeper air spring 
characteristic in the further range. 

20 

The additional air volume that can be supplied or discharged in the at least one further 
range which follows the first range is smaller than in the first range or completely zero and 
may be supplied or discharged in a number of stages, preferably in three stages. In this way, 
different degrees of damping can be set as a function of the desired seating comfort. 

25 

Such vehicle seats are preferably used for utility vehicles such as tractors, construction 
site vehicles and stacking trucks and in the first range with a flat characteristic have an addi- 
tional air volume of more than 0.1 1 at a natural seat frequency of for example around 1.0 Hz 
and a transmission value from a range of 0.1-0.9. The additional volume in the first range is 
30 greater than 0.1 1. The additional volume in the further range is either 0.0 1 or greater than 
0.0 1. Preferably, the additional volume in at least one further range is smaller than in the first 
range. As a result, when the in position of the air spring is exceeded, there is an increase in 
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the spring force which allows the air spring to come out quickly and returns the user of the 
vehicle seat once more to the central position within the first range of the characteristic. 

Likewise, when a defined out position is exceeded, there is a loss of spring force 
5 within the air spring which brings the air spring quickly back in and accordingly makes the 
user fall back into the predefined central position of the characteristic within the first range. 

According to one preferred embodiment, the spring device has an adjustment device 
for the automatic height adjustment of the seat part at the start of a use operation by a user 

10 having a predefined weight, with air being supplied to or discharged from the air spring such 
that the air spring can adjust to a central position in the first range of the force-path air spring 
characteristic. The adjustment device comprises, in the region of the armrest of the vehicle 
seat, a regulator switch for operating the adjustment device. Automatic positioning of the user 
in the comfort range of the spring device, namely at the central position in the first range of 

15 the characteristic, as a function of his weight is thus possible, without thereby reducing the 
further range in which the characteristic has a greater or smaller incline. 

According to one preferred embodiment, the spring device has a recognition device for 
recognizing a user using the vehicle seat, in particular by means of his weight, in order to al- 
20 low the automatic activation of the height adjustment when the user sits down in the vehicle 
seat. 

The first range of the force-path air spring characteristic preferably corresponds to a 
length of travel of the air spring of up to 3000 mm, whereas the at least one further range cor- 
25 responds to a length of travel of preferably up to 2000 mm. 

The at least one further range adjoins the first range on the left-hand or right-hand side 
as of the defined run in and/or run out positions of the air spring. 

30 The exceeding of the run in and run out positions is recognized by means of recogni- 

tion and switching devices and the spring device is switched to supply and discharge the 
changeable additional air volume by means of the control device. An automatic transition of 
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the spring characteristic from a comfort range (first range) into a progression range (further 
range) and/or a degression range (further range) is thus ensured. 

In a method of springing a vehicle seat, according to the invention, when the air spring 
5 exceeds the selectable run in and/or run out positions, the additional air volume that can be 
supplied or discharged is changed or switched off by means of the control device in order to 
change the incline in the profile of the force-path air spring characteristic in the first and in at 
least one further range. In the event of the run in and run out positions being exceeded, the 
changeable additional air volume is supplied or discharged only when recognition and switch- 

10 ing devices in first and second end of travel regions are activated on account of vibration, 
regularly and at a high frequency by the air spring moving in and out. The consequence of this 
is that in the event of the air spring moving in and out in an irregular manner or in the event of 
the in and out movement taking place with long time intervals (smaller than or equal to 
1.0 Hz), uneconomical activation of the recognition and switching devices is avoided, thereby 

15 achieving an energy saving. 

Further preferred embodiments are given in the dependent claims. 

DESCRIPTION OF THE DRAWINGS 
20 Advantages and expedient features of the invention can be found in the following de- 

scription in conjunction with the drawing, in which: 

Fig. 1 shows a schematic diagram of a force-path air spring characteristic of a spring de- 
vice according to one embodiment of the invention; 

25 

Fig. 2 shows a schematic diagram of the air spring characteristic shown in Fig. 1, in a dis- 
placed position, and 

Fig. 3 shows a schematic diagram of the air spring characteristic shown in Fig. 1, in a fur- 
30 ther displaced position. 
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DETAILED DESCRIPTION OF THE DRAWINGS 
Fig. 1 shows a schematic diagram of the profile of a force-path air spring characteristic 
1 according to one embodiment of the invention, where the air spring characteristic 1 is made 
up of the sections la 5 lb, lc. In the diagram, the force F is plotted on the ordinate and the re- 
5 turn path s of the air spring is plotted on the abscissa. 

Ideally, the individual sections la, lb and lc run so that they merge fluidly into one 
another such that the transitions may be arc-shaped, with it being possible for the arcs to have 
different dimensions. 

10 

In a first comfort range 2, in which an additional air volume of more than 0.1 litre is 
supplied to or discharged from the air spring, the air spring characteristic has the section la 
with a small incline. In a second progression range 3, in which an additional air volume that is 
smaller than the additional air volume discharged in the first comfort range 2 is supplied, the 
15 air spring characteristic 1 has the section lb with a greater incline than that in section la. 
Likewise, in a third degression range 4, in which an additional air volume that is also smaller 
than the additional volume discharged in the first comfort range 2 is discharged, the air spring 
characteristic has the characteristic section lc with a greater incline than in section la. 

20 A height adjustment 5 in the event of the air spring moving in and out as a result of 

vibration, as occurs for example when travelling over potholes in the road, is carried out 
within the first, second and third ranges 2, 3, 4. The ranges 2, 3 and 4 are combined in a 
switching window 6. 

25 Within the first comfort range 2, a seat part of the vehicle seat is ideally arranged in a 

central position 7 of the characteristic, with it being possible for the central position 7 to be 
displaced vertically on an HA line 13 as ideal line. 

As soon as a departure is made from the first comfort range 2 on the left-hand or right- 
30 hand side on account of the spring element moving in or out and a predefined run in or run out 
position 8, 9 is exceeded, a recognition and switching device 8a, 9a recognizes this and 
switches the entire spring device to supply or discharge the other additional air volume, spe- 
cifically having a smaller volume. 
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The comfort range 2 corresponds to a length of travel 10 the upper limit of which may 
lie within a range of 0.1 - 3000 mm depending on the technical requirements, whereas the 
digression range 4 and the progression range 3 may have lengths of travel 11,12 with upper 
limits of 0.1 -2000 mm. 

The sequence of operation of the spring device according to the invention is as fol- 
lows: 

1. A driver takes up his position in the vehicle seat and a recognition by virtue of his 
weight is carried out by means of a driver recognition device. The weight loading of 
the spring device leads to an exceeding of the predefined run out position 9. 

By means of an air supply (not shown here), air is automatically let into the spring 
device, whereupon the driver is guided with the seat part into the central position 7 
within the comfort range. 

The central position 7 may be displaced within the force-path diagram in order to set a 
desired individual height of the seat part by using an operating device, which is pref- 
erably fitted in the armrest region of the vehicle seat, to displace the switching window 
6 within the diagram, as shown for example in Figs. 2 and 3. Figs. 2 and 3 show the 
position of the switching window with the associated first, second and third ranges 2, 
3, 4 in the case of a seat part that has been height-adjusted in the upward and down- 
ward direction, respectively. 

2. As soon as a regularly high frequency vibration (> 1.0 Hz, pulse number of 10) occurs 
and this is recognized by the recognition and switching device, upon activation of the 
recognition and switching device 9a a signal is output to the air supply, by means of a 
control device (not shown here), to raise the HA position 7. In the event of an irregular 
vibration with long time intervals (< 1.0 Hz), no signal is output. 

3. Upon repeated, regularly high frequency contacting of the recognition and switching 
device 8a (> 1 Hz, pulse number of 10), a signal is output to the air supply, by means 
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of the control device, to lower the HA position 7 by discharging air. In the event of an 
irregular vibration with long time intervals (< 1.0 Hz), no such signal is output. 

The control device calculates, at defined time intervals, such as for example in the or- 
der of magnitude of 1.0 s, the mean value of the vibration amplitudes and brings the 
profile thereof into congruence with the selected HA line 13 by supplying or discharg- 
ing compressed air. 

The HA line 13 lies in the centre of the comfort window, the width of which can be 
regulated in a stepped or stepless manner by way of rotary switches or step switches. 
The width of the comfort window corresponds to a length of travel the upper limit of 
which lies in a range of 0.1 - 3000 mm. 

The progression range 3 starts from the position 9 and becomes a steep characteristic 
with an additional air volume of for example 0.0 1 or a value greater than 0.0 1. The 
spring device thereby becomes rigid in the lower range, i.e. including outside the com- 
fort range, as a result of which a deflection or an end stop of the air spring is reduced. 
The minimum value of the length of travel is required for this. A return of the air 
spring in the direction of the HA position 7 then takes place. 

If, in the event of permanently strong vibration excitation, a characteristic in the pro- 
gression range having an incline which corresponds to an additional air volume of 
greater than 0.0 1 is not sufficient, an even steeper characteristic, which corresponds to 
an additional air volume of 0.0 1, is used. Should this characteristic also not suffice for 
sufficient damping, the complete switching window is automatically displaced up- 
wards in steps, as shown by the arrow 14 in Fig. 2. 

Similarly, in the degression range, in the event of an insufficiently great incline in the 
characteristic, which corresponds to an additional air volume of more than 0.0 1, an ad- 
ditional air volume of 0.0 1 is used. Should such a characteristic also not allow the nec- 
essary loss of force in the degression range for the rapid lowering of the driver and of 
the vehicle seat, then the complete switching window 6 is automatically displaced 
downwards in steps, as shown by the arrow 15 in Fig. 3. 
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The control device advantageously comprises software which is matched to the respec- 
tive vehicle type and to the character thereof, with it being possible for the software to be op- 
timized in an improvement process that is carried out continuously. By reading via a PC or via 
5 a laptop, the vehicle occupant receives a current update version of the software. 

Preferably, by changing the basic software it is possible to change the use purpose of 
the vehicle seat such that, for example, a use of the vehicle seat both in a large tractor with a 
sprung cabin and in a small tractor is possible. 

0 

All the features of the invention are considered essential to the invention both indi- 
vidually and in combination. Modifications thereof are familiar to the person skilled in the art. 



215438 



